Previous studies in western Kyushu revealed prominent marine-derived flood deposits that date to the late thirteenth-century and are interpreted to be a result of two legendary typhoons linked to the failed Mongol invasions of Japan in 1274 and 1281. The regional persistence and prominence of sediments dating to these "Kamikaze" typhoon events (meaning divine wind) raise questions about the origins of these late thirteenth-century deposits. This is due in part to uncertainty in distinguishing between tsunami and storminduced deposition. To provide additional insight into the true cause of prominent late thirteenth-century flood deposits in western Kyushu, we present a detailed assessment of an additional event deposit dating to the late thirteenth-century from Lake Kawahara near Nagasaki, Japan. This particular deposit thickens landward towards the primary river flowing into Lake Kawahara and exhibits anomalously low Sr/Ti ratios that are consistent with a fluvial rather than a marine sediment source. When combined with previous flood reconstructions, results support the occurrence of an extreme, late thirteenth-century event that was associated with both intense marine-and river-derived flooding. Results therefore contribute to a growing line of evidence for the Kamikaze typhoons resulting in widespread flooding in the region, rather than the late thirteenth-century deposit being associated with a significant tsunami impact to western Kyushu.
Introduction
The shorelines of Japan experience extreme coastal flooding from both seasonal typhoons and episodic tsunami events (Komatsubara and Fujiwara 2007; Sasaki and Yamakawa 2007; Suzuki et al. 2008) . Quantifying the spatially-varying risk associated with typhoons and tsunamis across Japan is an essential part of hazard preparation and planning (e.g. Normile 2011; Goslin and Clemmensen 2017) ; however, this process is challenging because there are inadequate observations of their extremes within temporally-limited instrumental records. There are significant challenges to assessing spatially-varying flood risk from these two separate hazards, due to limited observations of their extremes within short instrumental records (e.g. Goto et al. 2017; Suppasri et al. 2013; Woodruff et al. 2013 ). Prior to the onset of the best-track dataset of typhoons in the Northern West Pacific in the mid-twentieth century (Chu et al. 2002) , one must rely on historical records and natural archives of coastal flooding to constrain flood risk across Japan. The magnitude and impact of the most recent tsunami to strike Japan, the 11 March 2011 Tōhoku tsunami, greatly exceeded prior expectations at the time of the event (Japan Meteorological Agency 2013), underscoring the importance of obtaining additional insight from the historical and geologic record.
Historical documentation of tsunamis and typhoons in Japan extends back at least several 100 years (Nakata and Kawana 1995; Watanabe 2001; Goslin and Clemmensen 2017) , but significant uncertainty associated with these early records limits their utility in improving flood risk assessments (Kortekaas and Dawson 2007; Morton et al. 2007 ). Natural archives of flooding preserved within the geologic record are frequently used to independently validate early historical flood accounts. For example, overwash deposits from high-energy flood events that are preserved within the sedimentary sequences of coastal environments, such as those from back-barrier lakes and marshes, can be used to reconstruct pre-instrumental tsunami and typhoon frequency and intensity (e.g. Komatsubara and Fujiwara 2007; Komatsubara et al. 2008; Chagué-Goff et al. 2012; Wallace et al. 2014; Brandon et al. 2015 ; Baranes et al. 2016 Baranes et al. , 2018 Chaumillon et al. 2017) . The sandy overwash deposits left by tsunamis and typhoons can often have very similar characteristics including being composed of coarse-grained beach material, exhibiting a lateral thinning landward, and containing elemental signatures consistent with marine-derived sediments. Though it is difficult to unambiguously differentiate between storm and tsunami overwash deposits preserved in back-barrier environments, distinguishing between these types of event layers is important because of the need to separately quantify the risk associated with storms and tsunamis (Nanayama et al. 2000; Kortekaas and Dawson 2007; Morton et al. 2007; Komatsubara et al. 2008; Sawai et al. 2009 ). Especially in countries like Japan with longer written historical records, pairing event deposits to historical documentation can help circumvent the uncertainty between deposits left by these separate coastal flooding hazards (Nanayama et al. 2000; Goff et al. 2004; Kortekaas and Dawson 2007; Morton et al. 2007; Goto et al. 2015) .
The subjectivity of historical accounts of natural disasters often raises questions about their accuracy. For example, legend states that the two failed attempts by the Mongol Empire to invade Japan, first in 1274 and again in 1281, were prevented by the timely intervention of two intense typhoons. Now known as the Kamikaze typhoons, meaning 'divine wind', the storms were believed to be an intervention from the gods to protect Japanese sovereignty from the Mongols (Neumann 1975; Rossabi 2009; Sasaki 2015) . The historical significance of these typhoons leaves them especially susceptible 1 3 to exaggeration over time. The Mongols attributed their failed invasions to the storms, and temples and shrines in Japan highlighted the storms as divine protection of their nation's sovereignty. The occurrence of two intense typhoons striking Japan within only 7 years is also inconsistent with the substantially lower average recurrence rate for typhoon landfalls in the region within the modern instrumental record . Despite the potential for exaggeration and inconsistencies with modern typhoon climatology, natural archives and recent archeological observations support the occurrence of the Kamikaze typhoons. Evidence includes the recent discovery of sunken Mongol ships from the second invasion near Takashima Island in Imari Bay (Kimura et al. 2014; Sasaki 2015) and geologic evidence of contemporaneous overwash deposits in western Kyushu (Woodruff et al. 2009 . Depositional evidence of the Kamikaze typhoons stems from prominent event deposits at Lakes Daija and Kamikoshiki (Fig. 1) , with both sites preserving deposits from a marine-sourced flood event consistent with the timing of the two failed Mongol invasions (Woodruff et al. 2009 . A tsunamigenic cause for these deposits could not be ruled out, however, due to similarities in deposition by tsunami-and typhoon-induced coastal flooding. Western Kyushu is largely considered to be at low risk of tsunamis relative to other regions of Japan, but this risk could be greater than current perception should the thirteenth-century deposit 1 3 be tsunamigenic in origin. Further research is therefore warranted to both confirm the regional persistence of the late thirteenth-century deposits, as well as to help identify these deposits as either typhoon or tsunamigenic in origin.
Here we present a new sedimentary record from Lake Kawahara, a coastal lake in western Kyushu, to provide further insight regarding the history of extreme flooding in southwestern Japan and the underlying cause of the late thirteenth-century deposits observed at Lake Daija and Kamikoshiki. The Kawahara site is significant because it is sensitive to both coastal overwash and river flooding and provides the potential to use concurrent rainfall-induced river flooding and coastal overwash to delineate typhooninduced deposition from strictly coastal flooding during tsunami inundation.
Site description
Lake Kawahara is a small, coastal, and presently eutrophic lake on the southeast side of the Nagasaki Peninsula, approximately 40 and 80 km north of Lakes Daija and Kamikoshiki, respectively ( Fig. 1, 32 .62°N, 129.83°E). The lake has a 13 ha (0.013 km 2 ) surface area, a maximum depth of 9 m, and a thermally stratified water column from February to October each year (Furumoto et al. 1999) . A barrier beach forms the seaward side of the lake and is composed of fine to coarse sand and gravel and is approximately 250 m long, 130 m wide, and 7-10 m above mean sea level (MSL). A small inlet through this barrier beach on its southeastern end has resulted in an ephemeral connection between the lake and the ocean. A small high-gradient river empties into the western end of Lake Kawahara and drains a high-relief watershed of 1.4 km 2 with a maximum elevation of 330 m (Fig. 1) . The bedrock within the watershed is primarily Cretaceous metamorphic schist, bordered by ultramafic rocks (Geological Survey of Japan 2017). Sea level has remained relatively stable in the region over the past few millennia with a rise of approximately 50 cm since 4100 years BP (Yokoyama et al. 1996 (Yokoyama et al. , 2012 Sato 2001) . The area is also relatively stable tectonically when compared to other regions of Japan closer to active faults (Nakada et al. 1994; Fukumoto 2011) .
Since 1945, only three typhoons at or above Category 3 intensity (Simpson and Saffir 1974) have occurred within 90 km of Lake Kawahara: Typhoon Jean in 1965 as a Category 4 storm; Typhoon Bart in 1999 at Category 3 intensity; and Typhoon Leepi in 2015 as a Category 3 event ( Fig. 1 ). Each of these typhoons made landfall to the south of Lake Kawahara, closer to the previously studied Daija and Kamikoshiki sites. No tsunamis have impacted western Kyushu with the exception of a localized tsunami event in 1792 caused by a volcanic dome collapse and resulting landslide internal to Shimabara Bay and located far to the east of the Kawahara site (Hoshizumi et al. 1999) (Fig. 1) . The area surrounding the lake has been modified heavily in recent decades in part to mitigate against typhoon impacts. This includes the construction of a seawall that now armors the beach and several jetties near the outlet of the lake. Additionally, Lake Kawahara was historically brackish but a pump was installed in 1974 to remove saltwater from the lake and a sluice gate was installed at the inlet in 1979 (Hossain et al. 2013 ). Due to coastal fortification and modifications to Lake Kawahara, it is likely that the site is less sensitive to recording coastal flooding within sediments spanning the instrumental period (1945 CE to present); however, the sluice gate and recent pumping of the lake may provide a modern example for the transition from salt to fresh analogous to past natural closures of the barrier beach inlet.
3 3 Methods
Primary core locations from the deeper part of Lake Kawahara were chosen using bathymetry data collected with a 10 kHz echo-sounder (Kurnio and Aryanto 2010) , and subsequently cored using a modified Vohnout-Colinvaux piston corer (Baranes et al. 2016) . Initial bathymetric mapping and coring were completed in November 2010, and supplementary surface cores at the same locations were collected in July 2014. Primary cores KAW5 (32.62311°N, 129.832°E), KAW2 (32.62334°N, 129.83264°E), and KAW4 (32.62356°N, 129.83316°E) lie along a shore-normal transect with a spacing of approximately 60-70 m (Fig. 1) . Multiple, overlapping drives were collected from each core location in order to recover a continuous sequence. Additional discrete surface sediment samples from the riverbed and the beach were collected to characterize allochthonous sediments from fluvial-and marine-derived sources, respectfully. The beach samples include finer grained material collected around the low-tide mark, and river samples included coarse and fine riverbed sediments and fines in the soil near the riverbank. The central core (KAW2) was selected for constructing a detailed depth-to-age model based on 14 C and 137 Cs age constraints (Pennington et al. 1973; Ritchie and McHenry 1990; Reimer et al. 2013) .
After collection, all cores and discrete surface samples were shipped to the University of Massachusetts (Amherst, MA, USA) and stored at 4 °C. Cores were opened using a Geotek core splitter followed by a complete visual description. Bulk geochemistry of cores and discrete surface samples were evaluated using an ITRAX x-ray fluorescence (XRF) core scanner (Croudace et al. 2006 ) with a molybdenum (Mo) tube operating at 30 kV and 55 mA and a ten second exposure time. The ITRAX core scanner also provided high-resolution x-radiograph images of relative density, which has proven particularly effective in initially identifying anomalously dense event deposits within cores (e.g. Woodruff et al. 2009 Woodruff et al. , 2015 . The ITRAX measures the relative abundances of a wide variety of elements but for the Kawahara cores particular attention was paid to variability in the relative abundance of titanium (Ti), strontium (Sr), and sulfur (S). Ti and Sr are commonly associated with terrigenous (Peterson et al. 2000; Haug et al. 2001; Peterson and Haug 2006) and marine (Bowen 1956; Chen et al. 1997; Chagué-Goff 2010; Croudace and Rothwell 2015) derived sediments, respectively, such that drops and local minima in the ratio of Sr/Ti could potentially represent an increase in terrigenous relative to marine sediment delivery. Elemental sulfur has been used to assess fluctuations in lake salinity associated with past inlet-connectivity to the sea, with higher S indicating higher salinity (Chagué-Goff 2010; Sato 2001; Croudace and Rothwell 2015; Casagrande et al. 1977) .
Following scanning with the non-destructive ITRAX core scanner, identified event deposits and background sediments were sub-sampled at 1 cm intervals for grain size. All grain size samples were treated twice with 30% hydrogen peroxide to remove organic material following methods described by Triplett and Heck (2013) . Grain sizes were obtained using a Beckman Coulter LS 13 320 laser diffraction particle size analyzer with a range of 0.04-2000 µm.
Ages of recent sediments were determined based on identification of the 1954 onset and 1963 peak in 137 Cs activity associated with atmospheric testing of nuclear weapons (Pennington et al. 1973) , and measured using a Canberra GL2020R low-energy germanium detector. Age control points below the onset of 137 Cs were obtained based on radiocarbon ( 14 C) analysis of terrestrial macrofossils (horizontally oriented leaf material) subsampled from KAW2. Macrofossils were cleaned with deionized water, dried, and shipped to the National Ocean Science Accelerator Mass Spectrometry (NOSAMS) center in Woods Hole, MA for analysis (Table S1 ). All provided radiocarbon ages were converted to calendar years BP (years before 1950 CE), using IntCal13 (Reimer et al. 2013 ). Both the 137 Cs and radiocarbon dating results were used to create a Bayesian-derived depth-to-age model with associated uncertainties using the Bchron software package Parnell et al. 2008 ).
Results

Bulk geochemistry of river and beach surface samples
Sr and Ti counts for discrete samples from the barrier beach and primary freshwater stream are evaluated to assess the validity of minima in Sr/Ti as a proxy for terrigenous material enrichment in Lake Kawahara sediments. Ti counts for the river sample were roughly fourteen times that measured for beach sediments, while Sr counts are approximately three times higher in the beach sample than in the river sample (Fig. 2) . Therefore, similar to 
Visual, physical, and chemical characteristics of sediment cores
The three primary cores KAW5, KAW2, and KAW4 extend to a depth of 377 cm, 540 cm, and 295 cm below the sediment-water interface, respectively. Each core is composed primarily of fine-grained silt and clay, with no sand present, and can be split into three primary lithologic units based on texture, composition, color, and bedding characteristics (Fig. 3) . The lower unit in all cores is composed of brown-grey mud and extends from the base of KAW5, KAW2, and KAW4 up to a depth of 245, 280, and 270 ( Fig. 3) . Fig. 3 Depth profiles for the central core transect of KAW5, KAW2, and KAW4 at Lake Kawahara (see Fig. 1 for location) . Note the order of cores 5, 2, and 4 go from landward to seaward. From left to right for each core: a graphic core description is pictured with the key below (the upper, intermediate, and lower units of each core are delineated), followed by x-radiograph images with light bands indicating denser sediments, Sr/Ti ratios, and relative abundance of S in total XRF counts. Note that the ratio of Sr/Ti decreases to the right. Triangles in the lithologic sketch identify the densest and most visually prominent event deposit in each core. The red boxes outline the section of the cores shown in Fig. 4 KAW2. Anomalous event deposits in Lake Kawahara appear as high-density layers in the x-radiographs and were also apparent upon visual inspection as light-grey-to-white clay deposits. There is some variability among cores; however, in each core, we focus on the densest and most visually distinct deposit that appears within the intermediate unit, directly below the stratigraphic transition. Our detailed comparison is limited to the intermediate unit due to elemental and stratigraphic evidence that environmental conditions and, in turn, potential sensitivity to flooding has changed above and below this unit. For the three primary cores this deposit is found at varying depths and thicknesses: in KAW5 from 210 to 216 cm (6 cm thick), KAW2 from 212 to 215 cm (3 cm thick), and KAW4 contains avery thin (< 1 cm) deposits from 223 to 224 cm (Fig. 3) . The event deposits beginning at 210 cm in KAW5, 212 cm in KAW2, and 223 cm in KAW4 appear correlative based on its location relative to observed stratigraphy and represent a unique, basin-wide depositional event not repeated elsewhere in the record. Across the core transect, median grain sizes in the deposit for inorganic sediments ranged from 15.7 to 19.3 μm and did not exhibit much in terms of distinguishable spatial trends. Clastic material within background sedimentation above and below the deposit were comparable in size, with a median grain sizes range of 15.0 to 31.7 μm ( Table 1) . The XRF results for primary core sites exhibit patterns that broadly coincide with the three different lithologic units (Fig. 3) . The lower unit has relatively high levels of both S and Sr/Ti that remain fairly constant throughout the unit (note in Fig. 3 that Sr/Ti values increase to the right). There does not appear to be a substantial increase or decrease in S or Sr/Ti at the boundary between the lower unit and intermediate unit, but the top of the intermediate unit shows an up-core decrease in Sr/Ti and a more rapid step-function decrease in S. The transition from the intermediate to upper unit at ~ 150 cm is particularly evident: all cores show a sudden drop in elemental S and a halving in Sr/Ti that begins in the upper portion of the intermediate unit. All three cores also show elevated S abundances that coincide with the heavily laminated sediments both in the intermediate unit, and near the surface at roughly 30-50 cm depth. Following the rise in S at ~ 50 cm in the upper laminated unit there is relatively rapid up-core decline at approximately 30 cm in all three cores and the disappearance of laminations. This transition to unlaminated sediments is followed by a more subtle decrease in Sr/Ti within the uppermost 5-10 cm.
The unique, high-density event deposit at 210 cm in KAW5, 212 cm in KAW2, and 223 cm in KAW4 are all located directly below the rapid up-core drop in S and based on this stratigraphic marker are consistent with being deposited concurrently (Fig. 3) . This unique, high-density event deposit identified in all three cores is associated with peaks in S and minima in Sr/Ti (Fig. 4 , note similar to Fig. 3 Sr/Ti values increase to the left in Fig. 4) . The minima in Sr/Ti is most pronounced in the most landward core KAW5, and observed to become less prominent in relative value for the middle KAW2 Table 1 Grain size results for the background sediments above, below, and within the most prominent event deposit
The numbers reported are an average of the median (D50) for each sample, the standard deviation of the samples, and n is the number of samples used for each average (a total of 30 samples in each core) 19.3 ± 2.4 (n = 3) 15.7 (n = 1) Below deposit 15.9 ± 2.0 (n = 15) 15.8 ± 5.0 (n = 16) 31.7 ± 9.6 (n = 13) core, and followed by the weakest minima in Sr/Ti for the most seaward KAW4 core. A similar seaward decrease is observed in the thickness of this deposit, with a maximum thickness of 6 cm at KAW5, a thickness of 3 cm in KAW2, and a thickness of less than 1 cm in KAW4 (Fig. 4 ).
Age model
The five radiocarbon ( 14 C) ages and the modern Cesium ( 137 Cs) age constraints from KAW2 are all chronologically consistent (Fig. 5 ). Based on 14 C ages the 540 cm core extends back to approximately 2500 years BP. The slope of the median age line of the depth-to-age model suggests a relatively steady accumulation rate of 1.5-2.1 mm/ year from the base of the core at 540 cm up to the youngest 14 C age at 178.5 cm and extending through both the lower and intermediate lithologic units. The accumulation rate increases to approximately 4 mm/year somewhere between the youngest 14 C age at 178.5 cm and the onset for 137 Cs at 39 cm near the basal extent of the upper lithologic unit. The modern chronological constraints for the onset and peak of 137 Cs are consistent with an average accumulation rate of roughly 7 mm/year and are the highest in the core. Applying this modern accumulation rate to recent sediments dates the most up-core recent drop in S at 30 cm to the early 1970s (Fig. 5) . The prominent deposit at 212 cm in KAW2 falls within older sediment below the observed rise in accumulation rate above 178.5 cm. The depth-to-age model derived 2-sigma age range for this event deposit is 1155-1487 CE, with a median age of 1321 CE (Fig. 5) . 
Fig. 4
Left to right: 30 cm section of KAW5, KAW2, and KAW4 surrounding the most notable deposit in each core. Presentation is similar to Fig. 3 showing first the graphic description for each core, followed by the core's x-radiograph and Sr/Ti ratios. The dashed vertical lines in Sr/Ti depth-profiles are all at 0.2 for reference. Note that the ratio of Sr/Ti decreases to the right and that y-axis values are different for each core section. The black lines in the graphic core descriptions are a graphic representation of the laminae rather than the actual lamination counts 1 3
Discussion and interpretation
The transect of cores from Lake Kawahara display three fine-grained lithologic units that likely represent periods of varying degrees of connectivity to the ocean, as shown by the counts of Sr/Ti and S (Fig. 3) . The up-core decrease in S at 30 cm (Fig. 5) is concurrent with the installation of the pump and sluice gate in the 1970s to de-salinize the lake, supporting S as a qualitative proxy of salinity in Lake Kawahara, and consistent with past studies (e.g. Croudace and Rothwell 2015; Boyle 2000; Sato 2001; Haug et al. 2003; Chagué-Goff et al. 2012) . Additionally, periods of elevated S at Kawahara are largely coincident with the higher preservation of laminations. The lower and intermediate units across Left: From left to right: KAW2 core description, radiograph image, and the depth-to-age model constrained by radiocarbon ages (black filled curves) and the onset and peak in 137 Cs (red and orange circles, respectively). The black line designates the median age, while the light and dark grey filled regions show the 68 and 95 percent highest posterior density uncertainty ranges. Below left: Age probability distribution for the most prominent event layer at 213 cm. Below right: X-radiograph image of the top 40 cm of KAW2, along with depth profiles of 137 Cs activity and S the cores are relatively elevated in Sr/Ti and S, suggesting a more open connection to the ocean during this time and an increased influx of marine-sourced material. The intermediate unit contains the greatest preservation of laminations across all three cores, which is indicative of the salinity-induced stratification of the water column and resulting anoxic bottom waters in the lake. The upper unit of all three cores are relatively depleted in both S and Sr/Ti, which together signify less marine connectivity and an enrichment in fluvial sedimentation relative to marine. The transition between the intermediate and upper units around 1600 CE (~ 150 cm depth) indicates that the inlet was likely closed off to the ocean at this time, cutting off the majority of marine seawater and sediments.
Lake Kawahara sediments lack modern flood deposits for comparison to paleo-deposits (likely due to the fortification of the beach and man-made closure of the barrier inlet in recent decades) and exhibit evidence for sudden shifts in environment and the level of connectivity of the lake to the sea. Both of these factors make it difficult to assemble a complete flood reconstruction through the full 2500-year sedimentary record obtained from the lake. However, the prominent event layer identified in all three cores stands out as a unique depositional event within the lower and intermediate units, which span an interval of 900 years from 1600 to 2500 CE. The high-density signature of this deposit is consistent with it having a higher mineralogic content relative to surrounding sediment, which was potentially sourced from fluvial input of terrestrial material (Fig. 4) . The event deposit is also fine-grained (15-19 μm) and thickens landward, which is consistent with flooding from the river (Wright 1977; Cook et al. 2015) . In contrast, marine overwash deposits are commonly landward-thinning and coarse-grained (Nanayama et al. 2000; Morton et al. 2007; Komatsubara et al. 2008) . Additionally, the cores show that this Kawahara deposit is depleted in Sr/Ti (Fig. 4) , which in turn points to an enrichment in fluvial rather than marine sediments (Fig. 2) . The KAW2 depth-to-age model reveals that this prominent flood occurred between 1155 and 1487 CE (95% age range) and is consistent with both the timing of the Kamikaze typhoons in 1274 and 1281, and the age of prominent marine overwash deposits previously identified in Lakes Daija and Kamikoshiki. Of the Kamikaze events, the 1281 typhoon is generally considered to be of greater intensity (Turnbull 2013) ; therefore, we attribute the single late thirteenth-century Kawahara deposit to the later of the two Kamikaze events in 1281 (although it is also possible that the deposit could be combined deposition from the 1274 and 1281 events).
The elemental signature, high density, and landward thickening of the most prominent deposit at Kawahara all support the occurrence of a thirteenth-century extreme precipitation event that overlaps in time with the prominent marine-sourced flood deposits previously identified at Daija and Kamikoshiki. Collectively, these results point to the occurrence of anomalous flooding from both the land and sea during the timing of the failed Mongol invasions, thereby strengthening the evidence for the occurrence of the Kamikaze typhoons. Although the Kamikaze typhoon deposit has a marine signature in Daija and Kamikoshiki, the Lake Kawahara deposit may be fluvial because (1) the barrier at Kawahara is substantially higher (~ 7-10 m) than the barrier beaches at the other two sites (between ~ 2 and 4 m); (2) the watershed of Kawahara is more than double the size of the Kamikoshiki and Daija watersheds; and (3) the 1281 storm track passed between the more northerly Kawahara site and the more southerly Daija and Kamikoshiki sites, such that the front-right quadrant of the storm made landfall over the two southern sites (Landsea et al. 2004; Brandon et al. 2013 ) and the left side of the storm made landfall over the Kawahara site. In the Northern Hemisphere, the greatest storm surge and coastal flooding tends to occur where the front-right quadrant of a tropical cyclone makes landfall (Emanuel 2005) . Therefore, we speculate that if there is more 1 3 symmetric precipitation in a storm, a storm deposit is more likely to have a predominantly marine signature in the front-right quadrant, and a fluvial signature in the front left.
Mechanisms other than extreme precipitation exist that could potentially explain the terrestrially derived deposit at Kawahara. For instance, earthquakes accompanying tsunamis could result in landslides that would increase the sediment output from regional rivers (e.g. Milliman and Farnsworth 2011) . However, relative to the rest of Japan, the area around Kawahara is depleted in active tsunamigenic faults (Yokoyama et al. 1996; Taira 2001) . Further, an enclosed tsunami event generated by local fault sources and localized landslides are unlikely to cause a tsunami large enough in size to impact all three openly seaward-facing sites mentioned in this study. Conversely, a tsunami derived from non-local sources such as the Nankai Trough or the Ryukyu Trench would not be associated with local earthquakes and landslides and in turn would be less likely to result in the terrestrially derived deposit observed at Kawahara. Goto et al. (2017) showed evidence of a tsunami with a return flow back to the sea that resulted in deposition of both fluvial and marine sediments in a lagoon. Thus, a tsunami event of this nature is difficult to rule out completely as the cause of the regional deposit across western Kyushu, despite the evidence of the fluvial deposit observed at Kawahara. However, a tsunami large enough to impact all three sites in western Kyushu would likely have been mentioned in historical records, and no such documentation for a significant tsunami event exists while accounts of the Kamikaze typhoons are prevalent in the region. Thus, the prominent late thirteenth-century fluvial deposit at Kawahara, when combined with historical accounts of the Kamikaze typhoons and previously identified coastal flood deposits at Daija and Kamikoshiki dating to the same time period, all support the Kamikaze typhoons causing significant flooding in the region by both land and sea.
Conclusion
Prior results from Lake Daija and Kamikoshiki support the occurrence of late thirteenthcentury events associated with extreme coastal flooding in southwestern Kyushu. New analyses presented here from Lake Kawahara provide additional evidence for a late thirteenth-century flood event. The modal age for the most prominent event deposit in Lake Kawahara is matched to the timing of the Mongol invasions, and the deposit can be traced continuously through the obtained transect of cores. However, in contrast to evidence of marine flooding from Lake Daija and Kamikoshiki, the late thirteenth-century deposit at Kawahara thins seaward, shows no significant grain size increase, and exhibits an enrichment in terrigenous material that increases when progressing towards the lake's primary freshwater tributary. The most prominent deposit from Lake Kawahara therefore both dates to the timing of the Mongol invasions and supports significant freshwater flooding during the timing of at least one of the events. When combined with previous regional studies, preserved late thirteenth-century event deposits from near the location of the Mongol invasions in 1274 and 1281 provide evidence for the two leading forms of typhoon-induced flooding (i.e. coastal and fluvial), and in turn contribute to a growing line of evidence for the occurrence of intense typhoons around the time of these invasions.
